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ELECTRO-OPTICAL DEVICE, METHOD FOR DRIVING ELECTRO- OPTICAL DEVICE, 

ELECTRONIC APPARATUS, AND METHOD FOR DRIVING ELECTRONIC APPARATUS 



The present invention relates to an electro-optical device suitable 
for a display device, an electronic apparatus, and a method for driving 
the electronic apparatus . 



DuuKyiUUAlQ Al L 

Display devicessuch as liquid crystal display devices and organic 
electroluminescence display device^jiave been installed in portable 
apparatuse^such as cellular phones. 

Recently, services for distributing images and animation content 
usin^,. cellular phones as terminals have been introduced, and^^^ dj^play 
d^^ce^f^r jf^ce\lular ph^ne^lM to have a multiple gray- 

level display function, high definition, and excellent visibility, as 
well as low power consumption and long operating time .» fficcor ding ly, 

^Kj«=^+~~^> the present invention" £j6^^ovi(|e£]^n electro-optical 
v. ... - 5 

wnicl 



device which is suitable for display devices and which /fulfills the^ 



above-described requirements . 



Summary is»f ftwentwn ^ 

A first— olectro-optical device according to the present invention 
(^rnmprig^p pixels, each pixel /c amp ri rirfffr an electroluminescence element 



10:045060 ,072W2 



- 2 - 



/A^ electroluminescence element i - o th a t, f o r mrnnpl ry, ii t responds quickly to Th^. 
an electrical signal— and thus 

tKe' c harnntnri o^g^«=g«4*°*^y 1 i q u I d crystal e 1 erne n t 



the other hand, 

/£*dL uAmuiJlu^^ i^Ncan control the alignment of liquid crystal with low 



powi 



nd thus low power consumption can be easily achic 



S3? 

Accordingly, by providing the electroluminescence element and -^the. liquid 
crystal element in the pixel, an electro-.optical devot ee fsu JJ^sAfle for 
display devices, which consumes low power and which has an excellent 
animation display function, can be achieved. If necessary, the 
electroluminescence element in the electro-optical device can also be 
used as a backlight for the liquid crystal element. 

A second electro-optical device according to the present inventio n t V^tA^^^J ^ 
<^ jfr ^hara g ^cJLii,L.U in fehafe #/ / the above-described electro-optical device <0<fi 



further eenp 



switching 



g elements. This electro-optical device has a 



configuration suitable (fra^lxxmtro ^jtf cfr the electroluminescence element 
or the liquid crystal element. Herein, the switching elements are 
preferably provided in one pixel together with the electroluminescence 
element and the liquid crystal element. However, the switching elements 
may be provided in any part of the elect r o- optical devic e^^^s the 
switching elements, for example # )^>w- temperature polycrystalline silicon 



TFTs, high- temperature polycrystalline silicon TFTs, amorphous silicon 
TFTs, thin film diodes, or silicon-based TFTs can be usedf 

^-optical device according to the present invention 
:luding an electroluminescence element ^apd a layer 




2nt ajic 



including a liquid crystal elem nt which are placed above a layer 



nt wh 
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including switching elements. the switching elements, for exam ple^ ) 

^)w-temperature polycrystalline silicon TFTs, /high- temperature 
polycrystalline silicon TFTs, amorphous^silicon TFTs, thin film diodes, 
or silicon-based TFTs can be usedf * 

A cc ording t o / fourth electro-optical device of the present 

the third electro-optical device of the present invention, 



inventioivJ/T the thxrd electro-optical device of the present invention, S***^ 
the layer including the liquid crystal element is placed above the layer 
including the electroluminescence element. The third and fourth 
electro-optical devices include the electroluminescence element and the 
liquid crystal e 1 eme^^and have a configuration suitable for a thin 
electro-optical device. 

7\~rnrr* A "y tg jjf^fir'th electro-optical device of the present ^^^n 
invention^ iff'the above-described electro-optical device, Jthe switc 
elements have a function £e£'^^ntro^f^^g^a , t least one of the 
electroluminescence element and the liquid crystal element. In the 
electro-optical device, the luminance of the electroluminescence element 
or tlwU: of the liquid crystal element can be adjusted by the switching 



elements . 



A crrnrriing to £ s)Lxth electro-optical device of the present . . 

v ~n*i&tos , <^ 

the above-described electro-optical device, #the liquid 



mventior 

crystal element functions as a reflective liquid crystal element. 
Therefore, the electro-optical device can be operated with low power 
consumption because it does not need a light source— <^ch as a backlight. 



rce— «^uc 



Aci^LJldlliy fe^yU^eventh electro-optical device of the present 
invention*— writhe above -de scribed electro-optical device, /at least the^, 
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luminance of the electroluminescence element is controlled in a dark 
place^^iile at least the luminance of the liquid crystal element is 
controlled in a bright place. Therefore, the electro-optical device has 
excellent visibility in a bright place and consumes low power. 



Aiiuj-diag li e $ri eisiith electro-optical device of the preseujt 
inventXorii Ang^tne above?described electro-optical device, / one^ele.ctrode 
of the electroluminescence element and one electrode of the liquid 
crystal display element are common. 

A uuul drag to aT^ninth electro-optical device of the present 
invention^ iiithe above-described electro-optical device ^ ^the ot Jier^ 
electrode of the electroluminescence element and a reflector of the 
liquid crystal display element are common. 

In the eighth and ninth electro-optical devices, at least one 
electrode for the electroluminescence element also functions as an 
electrode for the liquid crystal display element or a reflector. 
Accordingly, the eighth and ninth electro-optical devices of the present 
invention have a configuration suitable for a thin electro-optical 
device. Also, the device has a small number of layers through which 
light is transmitted, and thus a sufficient light usage efficiency can 
be acquired. Furthermore, the processes for production of the electro- 
optical device can be simplified. 



>ording to ^ tenth electro-optical device of the present , 



ie present ^"V 

inventipn r i rf^the above-described electro-optical devic e, /the ^swir£ching 
elements are controlled to be in either an ON state or an OFF state. In 
the electro-optical device, a D/A converter is not neede^^nd only a 
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digital drive circuit is needed* Also, the electro-optical device can 



include a drive circuit /constituted by TFTs. Accordingly^, the electro- 



optical device has a conf iguratipn^sui table f^reduc\Ag ■ the area 
occupied by a peripheral circuit fcn'^peratiSag the switching elements. 



Ac(3ej.dllliJ to ^n eleventh electro-optical device of the present 
invention^Jj/ the above-described electro-optical device, leach pixel 
includes sub-pixeX»-^nd the sub-pixels include the electroluminescence 
element, the liquid crystal element, and the switching elements. In the 
electro-optical device, the luminance of the electroluminescence element 
or tharc of the liquid crystal element included in the sub-pixels can be 
controlled, and thus the electro-optical device has a configuration in 
which multiple gray-level display can be performed. 




twelfth electro-optical device of the present 
invention^ a rv^CKe ^Te^yenth electro-optical device of the present 
invention, /the switching elements are controlled to be in either an ON 



state or an OFF state 

In the electro-optical device, a D/A converter is not 
the electro-optical device can include a drive circuit 



\( cons 



Ac-** 



ad. Also, 



ited by 



TFTs. Accordingly, the electro-optical device has a configurat ion ^riJ^ JJ^^ 
suitable / /x^kf^r^duc±^g^^e area occupied by a peripheral circuit 
opera^i^^he switching elements. Further, the electro-optical device 
has a conf igur at i4n /suitable fs£r nex^qrmSafa^multiple gray-level display 
by controlling the luminance of the electroluminescence elemenfe^ ojr -feh a tf 
of the liquid crystal element. 

^osiorriingt to £ thirteenth electro-optical device of the present 
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invention^ i.iT the twelfth electro-optical device of the present 

t^defunct 



" P S) US M'J 2 



invention 



, /a"gray Jj 



is set 



function of the average luminance 
of the pixel. That is, the electro-optical device performs gray-scale 
display by binary-control of the luminance of the electroluminescence 
element or the liquid crystal element included in the sub-pixels, and by 
averaging them in each pixel. Consequently, excellent image uniformity 
can be realized even if the individual elements have variation. 

k«euJLLlliiy Us> JT^ourteenth electro-optical device of the present 
invention ; a m the first or second electro-optical de yig e^of the present 
inven tion, /e acji^j3j^e3r"includes a static RAM. 

/ ^ o eurding to X^Lfteenth electro-optical device of the present 



invention,— adT any of the eleventh to thirteenth electro-optical devices 
of the present invention, /each^sjib^pirXel includes a static RAM. 

The fourteenth and fifteenth electro-optical devices of the present 
invention Jper form scanning f^onl ^ when the data is changed because it has 
static RAMs, and thus /redaction in scanning frequency and scanning 
thinning can be achieved. Accordingly, the electro-optical device has a 
configuration fsuitabie for low power consumption and long operating time. 

xteenth electro-optical device of the present 
enth-©r<f if teenth electro-optical device^ qfi the 

x ^j^*w*=^ 1 

present invention, ^cannin^ie-^per formed when displayed data is changed. 
The electro-optical device has a f unci^ion^suitable^f or low power 
consumption . 



inven 




inventic 



p sey>nteenth electro-optical device of the present 
the above-described electro-optical device, {the switcjkxng 



elements include TFTs . 
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ighteenth electro-optical device of the present 



invention ^jjr^the ^seventeenth electro-optical device of the— pasesent 
^ "^^cV-Xl^ 

inven^ioj^^he^^ polycrystalline silicon (gF Ts /pr^ duced^by a low- 

temperature process of 600 °C or less. Using a low- temperature process, 
polycrystalline silicon TFTs can be provided , for example, on a 
substrate containing glass which has a poor thermal resistance. 
Accordingly, the production cost of the electro-optical device can be 
reduced. Further, when the temperature in the process is reduced 
further, the electro-optical device can be placed on a flexible 
substrates-such as a plastic substrate. Consequently, the electro- 

IP 

optical device has excellent flexibility. 



iui d±ng==feo* aF nineteenth electro-optical device of the present 
invent ion^^aar^Tie above^-de scribed electro-optical devoce, (*a luminescent 



layer of the electroluminescence element includes an organic material. 
Full-color display can be performed by adequately selecting the organic 
material fdr^p^st jrcut%fla^e luminescent layer. 



twentieth electro-optical device of the present 
:he_jabove-described electro-optical device, ('the 



luminescent layer of the electroluminescence element includes an organic 
polymer material . The electroluminescence element including the 
luminescent layer/* made^t an organic polymer material can be driven with 



low 



powe^n^nd thus the electro-optical device has a configuration 



suitable for low power consumption. I ^BiJuiitally> ^n^order to form the 
luminescent layer of the nineteenth and twentieth electro-optical 
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devices of the present invention, a liquid-phase proces^-auch as spin 
coating, roll coating, or an ink jet process, as well as a vapor-phase 
process-* -such as evaporatio»-«an be used. 

^i*uuj»dlng t« Z ^iwenty-f irst electro-optical device of the present 
invention^-ij^the ^abpve-described electro-optical device, ^he l iguxd- 7 
crystal of the liquid crystal element is a super twisted nematic liquid 
crystal having a twist angle of 180 degrees or more. In the electro- 
optical device, the liquid crystal element can be driven withj^^&w 
voltage, and thus power consumption of the electro-optical device can be 
reduced . 

An elect ron ic apparatus according to the present invention 
coapjsi&q^t^ electro-optical device as a display unit. 

A method for driving an electro-optical device of the present 
invention i ^c a mnthnd f a r dri^ii/g mi ulaajtro o pVi±uul duvxuto includi*© 

— - — 

plurality of types of electro-optical element^ rind nnmpi«i «ig setting a 
usage condition of the plurality of types of electro-optical element-Con^ 




the basis of ^bh^pesult obtained by measuring a predetermined physical 
quantity. Herein, setting the usage condition of the electro-optical 
elements based on the result obtained by measuring a predetermined 
physical quantity means, for example, selecting a preferable combination 
of electro-optical elements and a number of the electro-optical elements 
to be used from a plurality of types of electro-optical elementrtjjd 
adjusting the potential of a power suppl^^jhich is a reference of power 
to be supplied to the electro-optical elements, on the basis of the 
result obtained by measuring the temperature where the electro-optical 
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device is used, the intensity of external light, the luminance of the 
electro-optical elements, the resistance of the electro-optical elements, 
and so on. 

When the electro-optical device is used for a display device of a 
portable electronic apparatus, for example, low power consumption as 
well as visibility may be required. In that case, low power consumption 
and visibility can be achieved by selecting a suitable combination of 
the electro-optical elements based on the measured intensity of external 
light and power consumption according to the type of the electro-optical 
element . 

In the above-described method for driving the electro-optical 



device, the plurality of types of electro-optical eleme^itiarnclude a 
luminescent element and a liquid crystal element. 

The above -de scribed method for driving the_e lectro-opt ical device 
is useful for a methe^d ^ fo^T dr i ving aw e lootro optiioal do M io e inw^iZch a 
plurality of types of electro-optical elei dent^ ^uch as a luminescent 
element and a liquid crystal element, are provided in each pixel. 

A method for driy^j^__an_ electronic apparatus according to the 
present inventi^n ^e— a m e thod lux Ui LH ^ai^ an Qls o tronir nppnrjvtn^ ..... ^^JLja-^^J 
inc^udi^^a^lurality of types of electro-optical eleme^u3^-9^ c ompi^oo 
a first step of measuring a predetermined physical quanti^u^nd a second 
step of setting the usage condition of the plurality of types of 
electro-optical elem^n^gjl the basis of the measurement result obtained 
in the first step. Examples of the predetermined physical quantity 
include the temperature, the intensity of external light, the luminance 
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of the electro-optical elements, and the resistance of the electro- 
optical elements . 

Herein, setting the usage condition means setting the usage 
condition of the liquid crystal element and the luminescent element in 
accordance with, for example, the operating environment of the 
electronic apparatus, deterioration of the electro-optical elements due 
to increase in the operating time of the .liquid crystal element or the 
luminescent element. More specifically, an adequate combination of the 
electro-optical elements and the types of the electro-optical elements 
to be used are selected from the liquid crystal element and the 
luminescent element. Further, when the electro-optical device is used 
as a display device, a part of the display device can be displayed using 
the other electro-optical element. 

In the above-described electronic apparatus, the intensity of 
external light and the luminance of the electro-optical elements can be 
measured by providing j rarfanr f nr ✓measurtt^Qg intensity of light. Further, 



irovidmg ( raaanr far ✓meg 
iq wuo S gr^sxqJpffiyfi^ a 



by providing i^ i jtiiu S g r^gup^ ^^^ a signal to the electro-optical device 
sett 3gcg>the usage condition of the electro-optical e 1 emen ds -g uch as 
the liquid crystal elements and the organic electroluminescence element, 
the usage condition of the electro-optical elements can be set based on 
the result obtained by measuring the intensity of light. 

When the "intensity of light" is the intensity of external light in 
the environment where the electro-optical device is placed, the usage 
condition of the electro-optical elements can be set based on the 
operation environment of the electro-optical device, for example, 
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whether the environment is dark or bright. 

When the "intensity of light" corresponds to the luminance of the 
electro-optical elements, the deterioration of the electro-optical 
elements is measured. Accordingly, the usage condition of the electro- 
optical elements can be set based on the deterioration of the electro- 
optical elements. Consequently, the power to be supplied to the 
electro-optical elements can be adjusted. so that a predetermined 
luminance can be obtained. . /v 

site's 

^ / _v^_; 

^^The aboveXde scribed electronic apparatus further /comjuL 1 i*j is.s^ muaub 





usage condition of the liquid crystal element and the organic 



electroluminescence element on the basis of the light intensity measured 
by the metns-wr measura^ig light intensity. 



_ ^<y. 

^Brief Description of the C^awTng^^ 



Fig. 1 is a sectional view of an electro-optical device according 



to an erab^ditaent of the present invention." 

2 (shows a pixel equivalent circuit of the electro-optical 
device according^to the embodiment of the present invention/ 

Fig^ ^3^j jl\ aotrat o &> a process for producing TF.Ts - according to the 
embodiment of the present invention.* * 

""---Fig . _ 4_ jjLlumt rat m a process for producing an organic 
electroluminescence element and a reflective liquid crystal element 



according tojthe - embodiment of the present invention^ 

Fig. Sfshows an example of a mobile personal computer on which the 
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electro-optical device according to the present invention is mounted 



s pre 

r ,„ _ — - \w 

• Fig* 6 /shows an example of a. cellular phone on which the electro- 



optical device according to the present invention is mounted.* 

Fig. 7 (shows an example of a digital still camera in which the 
electro-optical device according to the present invention is used as the 

finder ' ^ ^ S cVf^V"^ 

.Fig. 8/shows an electronic^app'aratus according to an embodiment of 



the present invention/ . [ t* ^ 

Fig. 9 /shows the operation of the. electronic apparatus according to 
the embodiment of the present invention. 

f hof o r e nao Mumet p ala] 

11 ^rray substrAte 

12 flplycrystalJLine silicon 

13 gate insulJating film 

14 gate eledtrode 

15 source i/egion and drain region 

16 first\ Vnter layer insulating film 

17 sources electrode and drain electrode 

18 second Inter layer insulating film 
21 undeorlay&r electrode 
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34 count 

35 polari\ 

41 scan lif 

42 signal li 

421 low-bit signal line 

422 high-bit /signal line 

43 TFT 

431 low-bit 

432 high-1: 

44 statij 

441 low-) 

442 higlj 

45 refllective liquid Crystal display element 

451 lofr-bit reflective \iquid crystal display sub-element 

452 h^gh-bit reflective \iquid crystal display sub-element 

46 Organic electroluminescence display element 
461 /low-bit organic electroluminescence display sub-element 
462/ high-bit organic electroluminescence display sub-element 
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Hereinafter, preferred embodiments of the present invention will be 



described. 

Fig- 1 is a sectional view of an electro-optical device according 
to an embodiment of the present invention. The device includes thin 
film transistors (TFTs) as switching elements , an organic 
electroluminescence element as an electroluminescence element, and a 
reflective liquid crystal element as a liquid crystal element. The TFTs 
include a semiconductor layer 12 which is made of polycrystalline 
silicon and which includes a source region and a drain region 15 , a gate 
insulating film 13, gate electrodes 14 , a first inter layer insulating 
film 16 , and source electrodes and drain electrodes 17. The organic 
electroluminescence element includes an underlayer electrode 21, a 
luminescent layer 22, and a pixel electrode 23. The reflective liquid 
crystal element includes the underlayer electrode 21, the pixel 
electrode 23, liquid crystal 31, a counter electrode 32, a color filter 
33, and a polarizer 35. The pixel electrode 23 is shared by the organic 
electroluminescence element and the liquid crystal element. When the 
underlayer electrode 21 is made of material having a high light- 
reflection efficiency, such as metal, the underlayer electrode 21 
functions as a reflector of the liquid crystal element. In the electro- 
optical device having the above-described configuration, the organic 
electroluminescence display element emits unpolarized light. 
Accordingly, the emitted light is not modulated by the liquid crystal 
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eleraen^^md the light from the organic electroluminescence element is 
visible from the polarizer 35 side. Further, by making the color of the 
light emitted from the organic electroluminescence element match the 
color of the light transmitted through the color filter 33, the color 
filter does not degrade the light usage efficiency. 

With this configuration of the electro-optical device, the 



advantages of the organic electroluminescence element and the reflective 
liquid crystal element can both be^engadyaed according to need. For 



example, the electro-optical device is constituted so that at least the 
organic electroluminescence element and the reflective liquid crystal 
element can be used^iiT^dark and bright environments respectively, 
thereb y haviji ^JapJA---^cdvantages , that is, excellent visibility and low 
power consumption, which are usually mutually exclusive. For example, 
in a bright place, the reflective liquid crystal element is operated 
instead of the organic electroluminescence element, which usually causes 

to impg e ^fr the^virs ibi 1 i ty of the electro- 
optical device as a display device. At this time, by applying a voltage 
in the opposite direction to the underlayer electrode 21, current is not 
supplied to the organic electroluminescence element, and thus power 
consumption can be reduced. 

Also, in the electro-optical device, the organic 
electroluminescence element and the reflective^ liquid crystal element 
can be driven by the same TFT. (frhis 'is cosJ>-e^ f icient compared to the 
case where a TFT is provided for ach of the elements. Furthermore, 
since the TFTs are provid d under the organic electroluminescence 
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element and the reflective liquid crystal elemer c-emitting area 

of the organic electroluminescence element or the aperture ratio of the 
reflective liquid crystal element is not reduced. In addition, since 
the TFTs are provided under the organic electroluminescence element and 
the liquid crystal element, a complex circu^^uch as a static random 
access memory (RAM)_can^be provided. 

ij daafcaJ 1 y,_ j&eAiquid crystal 31 can be provided on the pixel 
electrode 23 with an alignment layer therebetween so that the alignment 
of the liquid crystal Vis improved . Th o ugh Various methods can be 

^ C^^' 

a dopte d for liquid crystal alignment, s p e qifi e y.L.^iTloc ar e* rubbing 

/ i J 

off-axis deposition, and UV irradiation- -fo*" 

Fig. 2 is fa pixel equivalent circuit according to the electro- 
optical device having the configuration shown in Fig. 1. In Fig. 2, a 
plurality of scan lines 41 and a plurality of signal lines 42 are 
arranged in a matrix and the TFTs 43, static random access memories 
(RAMs) 44, reflective liquid crystal elements 45, and organic 
electroluminescence elements 46 are provided at the intersections of the 
scan lines 41 and the signal lines 42. 

In this embodiment, the gray-scale is represented by 2 bits, and 
thus a low-bit signal line 421 and a high-bit signal line 422 are 
provided as the signal lines 42. Accordingly, a low-bit TFT 431 and a 
high-bit TFT 432 are provided as the TFTs 43, and a low-bit static RAM 
441 and a high-bit static RAM 442 are provided as the static RAMs 44. 
Further, a low-bit reflective liquid crystal element 451 and a high-bit 
reflective liquid crystal element 452 are provided as the reflective 
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liquid crystal elements 45, A low-bit organic electroluminescence 
element 461 and a high-bit organic electroluminescence element 462 are 
provided as the organic electroluminescence elements 46. 

While a selection pulse is applied to the scan lines 41 , a picture 
signal is applied to the signal lines 42— and is held by the static RAMs 
44 through the TFTs 43. Light reflection is controlled by applying 
voltages to the reflective liquid crystal elements 45. Also, light 
emission is controlled by supplying currents to the organic 
electroluminescence elements 46. Since the electro-optical device of 
this embodiment includes the static RAMs 44 which are capable of holding 
a picture signal, scanning at a constant period is not needed; rather, 



scanning is ^performed /only) when the image display is changed. ■ 
Consequently^, the electro-optical device has a conf igura1^on/suJ : taWre 

/ V° e>\ — , 

fiflcr reduci^fci/power consumption. s^xS 




Lso, the electro-optical device has a conf igurafcionrsuj^a*ble for 
gray-scale display using a digital (binary) driving method, in which any 
of the ON state and OFF state of the TFTs is selected. For example, by 
setting the luminance of the reflective liquid crystal element to 0 and 
^^apd setting the luminance of the organic electroluminescence element 
also to 0 and 1, the total area occupied by the organic 

electroluminescence element and the reflective liquid crystal element of 
£he~"luminance of 1 or 0 corresponds to the gray-scale. This gray-scale 
^method is generally c4 i 1 a dc^ajK / ar ea ratio gray-scale metnodr-fM. Kimura, 
et al, Proc. Euro Display '99, Late-News Papers (1999), 71; M. Kimura, 
et al, Proc. IDW '99 (1999), 171; M. Kimura, et al, Dig, AM-LCD 2000 
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(2000), 245; M. Kimura, et al, to be published in J . SID 8 (2000), 1; 
Japanese Unexamined Patent Application Publication Nos. 09-090345 , 10- 
068931, 09-233107; and Japanese Patent Application No. 11-305740). 

In the electro-optical device, the area ratio of the low-bit 
reflective liquid crystal element 451 and the high-bit reflective liquid 
crystal element 452 is 1:2. Since the amount of light reflection is 
proportional to the light reflection area, the ratio of the amount of 
light reflection is also 1:2, and thus 4 gray levels can be obtained. 
The area ratio of the low-bit organic electroluminescence element 461 
and the high-bit organic electroluminescence element 462 is 1:2. Since 
the amount of light emission is proportional to the light emission area, 
the ratio of the amount of light emission is also 1:2, and thus 4 gray 
levels can be obtained. The spirit of the present invention can be 
applied to a 3-bit gray-scale or higher. 

In this embodiment, CMOS-inverter-type static RAMs 44 are used, but 
any type of static RAMs 44, such as depletion-load- type and high- 
resistance polycrystalline-silicon-load-type, can be applied to the 
present invention. 

^or<^iquld crystal material for the reflec tive liquid crystal ^* 

- — Y " " " 

elements 9 Paribus liquid crystal compounds, ujiui'upla r super twisted 

nematic liquid crystal having a twist angle of 180 degrees or more, can 
be usedyf^The reflective liquid crystal element containing the super 
twisted nematic liquid crystal having a twist angle of 180 degrees or 
more is advantageous in that it can be driven with a low voltage. Also, 
in this embodiment, the super twisted nematic liquid crystal is used as 



lOO 



060 ,072%Q2 




- 19 - 

the liquid crystal material for the reflective liquid crystal display 
element and is s;fcetfaTi^y driven by the static RAM, and thus the response 
speed is 

Various electroluminescence materials, for example, an organic 
polyme^r^^uch as paraphenylene vinylene and its derivat iv^ee- ^an be used 
for the luminescent layer of the organic electroluminescence element. 
The organic electroluminescence element including the luminescent laye r^fl^V 
made of organic polymer can be driven with low power, and thus the power 
consumption of the electro-optical device can be reduced. 

The TFTs are used as the switching elements in this embodiment, but, 



for example, thin film diodes (T.FDs)~ can— airso—be— used according to 
requirements": . , ^ „^ £.JU^*W ^\ 

Fig. 3 i l j.uotjr a t . o e a process for producing theJTPfrs used as the 



switching elements of the embodiment according to the present invention, 
using a low- temperature process. Specifically, an amorphous silicon 
film is formed on an array substrate 11 by PECVD using SiH 4 and by LPCVD 
using Si 2 H 6 . Then, the amorphous silicon is recrystallized by laser 
irradiation, for example, excimer laser irradiation, or solid-phase 
growth, so as to form polycrystalline silicon 12 (Fig. 3(a)). After 
patterning of the polycrystalline silicon 12, the gate insulating film 
13 is formed. The gate electrodes 14 are formed by deposition and 
patterning (Fig. 3(b)). An impuri^v^Jich as phosphorus or boron^ 
implanted into the polycrystalline silicon 12 by self -alignment using 
the gate lectrodes, so as to form the source region and drain region 15 
having a CMOS structure. Then, the first interlayer insulating film 16 
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is formed, contact holes are formed, and the source electrodes and drain 
electrodes 17 are formed by deposition and patterning (Fig, 3(c)). 

Although not shown in ifig-r 3, the TFTs used as the static RA Ms-^ s 
well as the TFJLs-^for the switching elements— are formed on a glass 
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s ub s tr at e /by fso -galled low-temperature prpcess~~o~f — Gl{£0 ° C or less. 

Ill ustrates a process for producing, the- organic 
electroluminescence element and the reflective liquid crystal element 
according to the embodiment of the present invention. A second 
interlayer insulating film 18 is formed^pd the underlayer electrode 21 
is formed by deposition and then patterning. The luminescent layer 22 
is formed by a liquid-phase proces^such as spin coating (T. Shimada, M. 

cP 

Kimura, et al # Proc . Asia Display '98, 217 (1998)), squeegee coating, or 
an Inkjet process (T. Shimada, S. Seki, et al, Dig. SID '99 (1999), 376; 
and S. Kanbe, et al, Proc. Euro Display f 99 Late-News Papers (1999), 85), 
or a vacuum procesr>puch as sputtering or evaporation. A contact hole 



is forme^^ind the pixel electrode 23 is formed by deposition and then 
patterning (Fig. 4(a)). Then, the reflective liquid crystal element is 
formed by an ordinary process ("Color liquid crystal display playing a 
leading roll in mobile technologies", Session 4 of talks at Electronic 
Display Forum 98). 



i Aqidon* a 1 1 y .^rfer^pheral circuit^s^^uch as a shift register, a scan 

i 

line driver, a signal line driver, and a CPU can be provided after the 

above-described processes. However, the peripheral circuits^^uch as the 

shift register, the scan lin driver, the signal line driver, or the CPXf^ 

can be integrated on the glass substrate when the switching elements and 
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the static RAMs are formed. 

Next, examples of electronic apparatuses using the above-described 
electro-optical device are described. Fig. 5 is a perspective view 
showing the configuration of a mobile personal computer using the 
electro-optical device. ^n te ni a fj^uJ e^the^ personal computer 1100 
includes a main body 1104 having a keyboard 1102 and a display unit 1106 
The display unit 1106 includes the foregoing electro-optical device 100. 

Fig. 6 is a perspective view showing the configuration of a 
cellular phone using the electro-optical device 100 as a display unit, 
[n th i s /f.\ gur^e^the cellular phone 1200 includes a plurality of 




operation buttons 1202 , an earpiece 1204, a mouthpiece 1206, and the 
electro-optical device 100. ^J^eA^^^) 

Fig. 7 is a perspective mX&™ /s^howing^Jbhe-^conf iguration of a digital 
still camera using the electro-optical device 100 as a finder y^ Jh 
fly me plainly" shows the connection between the digital still camera and 
external equipment. In an ordinary camera^^f ilm is exposed to the 
optical image of an object. On the other hand, the digital still camera 
1300 performs photoelectric conversion of the optical image of an object 
by an imaging devic^^uch as a charge coupled device ( CCD^^o as to 
generate an image signal. On the back surface of a casing 1302 of the 
digital still camera 1300, the foregoing electro-optical device 100 is 
provided^and display is performed on the basis of the image signal 
generated by the CCD. Herein, the electro-optical device 100 functions 



as a 



f inde^r^o^^spla^^^) objects . Also, on the front surface (back 
side in(tho figure) of the casing 1302, a light-receiving unit 1304 
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fi_ncj^ra±*9 an optical lens and the CCD is provided. 

When a photographer views the image of an ob^ect^aisplayea on the 

electro-opti-cai^ device 100 and pushes a shutter button 1306, an image 

nqrtal/nenjpalfed by the CCD at that time is transmitted ^o^ind stored in~>^ 

a memory on a circuit board 1308. Also, in the digital still camera 

1300, video signal output terminals 1312 and an input /output terminal 

for data communication 1314 are provided. in a side surface of the casing 

1302. Further, as shown in Fig. 7, a television monitor 1430 can be 

connected to the video signal output terminals 1312^a^d a personal 

computer 1440 can be connected to the input /output terminal for data 

communication T3^ 4, according to requirements. In addition, the image 

signal ^store^d^ln the memory on the circuit board 1308 is output to the 

television monitor 1430 and the personal computer 1440 by a 

predetermined operation. 

A o well a/ the personal computer in Fig. 5, the cellular phone in 

Fig. 6, and the digital still camera in Fig. 7 , ^electronic apparatuses 

to which the electro-optical device 100 of the present invention is 

applied include a television set, a video tape recorder of viewfinder 

type or monitor direct-view type, a car navigation system, a pager, an 

electronic notebook, an electronic calculator, a word processor, a 

workstation r" ^a "videophone, a POS terminal, and equipment having a touch 

panel -^Needless to say, the electro-optical device 100 can be used as 

v ,JL*VQ) 

the display unit of each of th^e^lectrojiie apparatuses . giiuldfcsnl nil 



iples of elec^tro-optical elements used for the electro-optical device 
100 oe^an opgaliic electroluminescence element, an inorganic 
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electroluminescence element, a reflective liquid crystal element, a 
transmissive liquid crystal ele ment , a n electrophoretic element, and an 
electron emission element^ ^X^w^- 

Fig. 8 /shows an electronic^apparatus according to an embodiment of 





the present invention. The electronic apparatus includes the electro- 
optical device, a display unit 51, and a light intensity measuring 
device 52. An electro-optical element used for the display unit 51 can 
be selected in accordance with the application and required performance 
from, for example, an organic electroluminescence element, an inorganic 
electroluminescence element, a reflective liquid crystal element, a 
transmissive liquid crystal element, an electrophoretic element, and an 
electron emission element. It is preferable to use a plurality of 
electro-optical elements, such as the organic electroluminescence 

element and the reflective liquid crystal elemen£^ji order to achia^e^g^^N^^c^l^ 
power consumption and visibility. 

Any light intensity measuring device having any material, structure, 
or method can be used for the light intensity measuring device 52, as 
long as the light intensity can be measured. Typioai— examples include a 
CMOS image sensor, a CCD, and a photo^iode^ -trO r c-X-****'^ ?* 

Subsequently, a method for setting a usage mode of the electro- 
optical elements in the electronic apparatus shown in Fig. 8 is 
described with reference to Fig. 9. Basically, the usage mode of the 
electro-optical elements is set based on whether the intensity of 
external light measured by the light intensity measuring device 52 is 
larger or smaller than a predetermined value which is appropriately set. 



* 
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which the electro-optical device shown in Fig. 1 is used for the display 
unit 51 of the electronic apparatus shown in Fig. 8. After the 
intensity of external light is measured, the organic electroluminescence 
element is operated if the result is darjc^and the reflective liquid 
crystal element is operated if the result is bright. More specifically, 
when the organic electroluminescence element is operated/ a voltage is 
applied to the underlayer electrode 21 shown in Fig. 1 so that the 
organic electroluminescence element has a forward voltage. For example, 
when the organic electroluminescence element has a diode characteristic 
in which a current flows from^EKev pixel electrode 23 to the underlayer 
electrode 21, a voltage jiowe^^JJran that of the pixel electrode 23 is 
applied to the underlayer electrode 21. Otherwise, a voltage higher 
than that of the pixel electrode 23 is applied to the underlayer 
electrode 21. At this time, the reflective liquid crystal element also 
responds, but the emitted light from the organic electroluminescence 
element is not modulated because the light is unpolarized. 

When the reflective liquid crystal element is operated, a voltage 
is applied to the underlayer 21 so that the organic electroluminescence 
element has a reverse voltage. For example, when the organic 
electroluminescence element has a diode characteristic in which a 
current flows from^he pixel electrode 23 to the underlayer electrode 21, 



a voltagef higher than that of the pixel electrode 2 3 ir»v applied to the 

flower 



underlayer electrode 21. Otherwise, a voltj&ge/lowejf^xhan that of the 



pixel electrode 23 is applied to the underlayer electrode 21. The 
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reverse voltage does not cause current flow and light emission, and thus 
the power consumption does not wastefully increase. 

In the electronic apparatus shown in Fig- 8, the usage mode of the 
electro-optical elements is set based on the intensity of external light. 
However, the usage mode of the electro-optical elements can be set based 
on, for example, deterioration of the electro-optical elements or on the 
result obtained by measuring the remaining battery. Also, the. usage 
mode can be set by a user himself using a switch or the like. 

Furthermore, an adequate method for driving the electro-optical 
elements can be selected from an active driving method and a passive 
driving method in accordance with the required power consumption, the 
display panel size, the display quality, the production cost, and so on. 

Various gray-scale methods can be adopted for the gray-scale method 
for the electro-optical elements. For example, a method in which the 
gray-scale is obtained by analog-control of the current or the voltage 
applied to the electro-optical elements^nd a time ratio gray-scale 
method in which the gray-scale is obtained by controlling the period of 
the ON state of the electro-optical elements can be adopted along with 
the above-described area ratio gray-scale method. When the area ratio 
gray-scale method is adopted, the power consumption can be reduced by 
using the static RAMs . 



